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COMPARISON OF THE EFFECT OF TWO DAMPER SIZES ON THE
PERFORMANCE OF A LOW-SOLIDITY AXIAL-FLOW
TRANSONIC COMPRESSOR ROTOR




A 20-inch-diameter axial-flow transonic compressor rotor having small part-span
dampers and a design tip speed of 1380 feet per second was tested. Radial surveys of
the flow conditions at the blade inlet and outlet were made. The flow and performance
parameters were calculated at the blade leading and trailing edges at eleven radial posi-
tions. The radial surveys were made over the rotor stable operating flow range at
equivalent rotative speeds which varied from 50 to 100 percent of design speed. This
same rotor was tested earlier with larger dampers, and comparisons of overall per-
formance and radial distributions of selected flow and performance parameters were
made. The rotor with small dampers experienced lower losses in the damper region
which resulted in locally higher values of temperature rise efficiency and total pressure
ratio. However, there was no appreciable effect on overall efficiency and pressure ratio.
A greater stall margin was measured for the rotor with small dampers at design speed,
but at 70 and 90 percent of design speed the rotor with large dampers had somewhat
greater flow range.
INTRODUCTION
The NASA Lewis Research Center is engaged in a research program on axial-flow
fans and compressors for advanced airbreathing engines. The program is directed pri-
marily towards providing the technology to permit reducing the size and weight of the
fans and compressors while maintaining a high level of performance. In support of this
program experimental studies are being conducted on improved blade shapes for high
Mach number operation and the effect of blade aspect ratio, blade solidity, blade load-
ing, area margin above choke, weight flow per unit annulus area, contraction ratio (ve-
locity ratio), and blade spacing on efficiency and stall margin.
A series of rotors having blade-tip solidities of 1. 1, 1. 3, and 1. 5 (refs. 1 to 3,
respectively) was designed and tested at the Lewis Research Center to investigate the
effect of blade row solidity on efficiency and stall margin. The overall performance re-
sults indicated that the 1. 3 solidity rotor (ref. 2), when compared to the other two rotors
in this series, had considerably less stall margin. The 1. 1 and 1. 5 solidity rotors had
stall margins of 13. 0 and 10. 0 percent, respectively, while the 1. 3 solidity rotor had a
stall margin of 3. 5 percent. (Stall margin was based on the equivalent weight flow and
pressure ratio at which peak efficiency occurred as compared to the values just prior
to'stall.) The part-span dampers on the 1. 3 solidity rotor were considerably larger
than those on the other two rotors. Because detailed flow measurements downstream of
the 1. 3 solidity rotor showed large losses, high deviation angle, and low efficiency in
the damper region, it was suspected that the large dampers may have caused the rotor
to stall prematurely.
The purpose of this investigation was to evaluate the effect of a smaller part-span
damper on the performance of the 1. 3 blade-tip solidity rotor reported in reference 2.
The dampers in the reference 2 configuration had constant thickness of 0. 125 inch, an
aerodynamic chord of approximately 30 percent of the blade aerodynamic chord, and
circular contours at the leading and trailing edge. These dampers were remachined to
be similar to those with the 1.1 and 1. 5 solidity rotors. These modified dampers have
circular arc contours on the upper and lower surfaces. The maximum thickness was
0. 063 inch, and the leading and trailing edge radii were reduced to 0. 010 inch. The
axial chord of the damper was essentially unchanged.
This report presents the aerodynamic design parameters along with the overall and
blade element performance of the 1. 3 blade-tip solidity rotor with the remachined part-
span dampers. Overall and blade element performance data were obtained for six
speeds from 50 to 100 percent of design speed. Comparisons of overall performance
and radial distributions of selected flow and performance parameters are made to eval-
uate the effects of the two damper sizes.
TEST ROTOR
The design of the rotor used in this investigation is discussed in detail in refer-
ence 2, and a photograph of the rotor is shown in figure 1. A streamline analysis solu-
tion was used in the design of this rotor. A multiple circular arc blade shape was se-
lected, and the blade elements were computed on conical surfaces approximating the
stream surfaces passing through the blade. The rotor inlet tip diameter was 20 inches,
and the inlet hub-tip radius ratio was 0. 5. The design tip speed of the rotor was
1380 feet per second. All significant blade design parameters are listed in tables I
to El. The symbols are defined in appendix A. The equations used for calculating the
selected blade element and overall performance parameters are presented in appendix B.
All abbreviations, along with the units presented in the tables, are defined in appendix C.
Part-span dampers were located at 46 percent of span from the outlet rotor tip to
minimize blade vibration. The mean line of the damper formed a section of a conical
surface with the cone angle set equal to the streamline angle. Both the original and
modified damper sizes are shown in figure 2. The aerodynamic chord of the modified
dampers (referred to in this report as rotor 3MOD1) is approximately 30 percent of the
aerodynamic chord of the blade, and the damper thickness is 13 percent of the damper i
aerodynamic chord. The inner and outer surfaces of the modified dampers were formed
by circular arc sections passing through the leading and trailing edges, and the maxi- /.
mum thickness points were located at midchord.
APPARATUS AND PROCEDURE
Test Compressor
The compressor shaft is supported by two hydrodynamic journal bearings which
are located downstream of the compressor rotor. With this design arrangement, the
rotor is overhung at the end of the rotating shaft (fig. 3(a)). With this arrangement it
is unnecessary to disturb the compressor shaft assembly when removing or changing
test rotors. The axial thrust of the rotor is absorbed by a tapered land thrust bearing.
A carbon face seal is used to isolate the oil from the airstream. The nonrotating radial
tip clearance of the rotor was set at a nominal 0. 020 inch at ambient conditions. This
resulted in a measured rotating radial tip clearance of approximately 0. 012 inch at de-
sign speed. Proximity probes are used to detect shaft movements in the vertical and
horizontal directions and to indicate the blade rotating radial clearance. Strain gages
are mounted on several blades in order to observe the rotating blade stresses. The
strain signals and the proximity probe voltage signals are monitored on oscilloscopes
during all of the tests. Accelerometers were used to determine the horizontal and ver-
tical components of force on the journal bearing housings. Their signals are also mon-
itored during all of the tests.
Test Facility
A schematic diagram of the test facility is shown in figure 3(b). The drive system
consists of a 3000-horsepower electric motor with a variable-frequency power supply.
Motor speed may be controlled from 400 to 3600 rpm. The motor is coupled to a 5. 52-
-gear-ratio speed increaser gear box that in turn drives the test rotor. The facility is
sized for a maximum flow rate of approximately 100 pounds per second. The working
fluid is atmospheric air. Air enters the test facility at an inlet located on the roof of
3
the building. The air then passes through a flow measuring station consisting of a thin-
plate orifice, through inlet butterfly throttle valves, and into a plenum chamber. The
air is then accelerated to the compressor section, through the test compressor, and
into a double exit collector through a sleeve-type arrangement throttle valve. The air
then passes through a water cooler and is exhausted back into the atmosphere. Either
of. two exhaust systems is used to reduce system losses. Normally, a low-level vacuum
exhaust equal to approximately 18 inches of water, downstream of the collector valve,
is\ used. A high-level vacuum exhaust equal to approximately 26 inches of mercury,
downstream of the collector valve, is used when it is desirable to throttle the compres-
sor inlet. For the present investigation, the upstream throttle valves remained fully
opened, the collector sleeve valve was used to throttle the airflow, and the low-level
vacuum system was used.
Instrumentation
Radial surveys of the flow were made at the inlet and outlet of the rotor. Photo-
graphs of the survey probes are shown in figure 4. Total pressure, total temperature,
and flow angle were measured with the combination probe (fig. 4(a)), and the static
pressure was measured with an 8° C-shaped wedge probe (fig. 4(b)). Each probe was
positioned with null-balancing, stream-direction-sensitive control equipment that auto-
matically alined the probe to the direction of flow. The material used for thermocouples
was iron-constantan. The wedge static probes were calibrated in a low-speed air tun-
nel. Two combination probes and two static wedge probes were used both upstream and
downstream of the rotor.
Inner and outer wall static pressure taps were located at the same axial station as
the survey probes. The axial and circumferential locations of the probes, along with
the inner and outer wall static taps, are shown in figure 5.
,-..A calibrated flat plate orifice was used to determine the flow rate, and an elec-
tronic speed counter, in conjunction with a magnetic pickup, was used to measure ro-
tative speed (rpm).
Test Procedure
The rotor data were taken over a range of weight flow from maximum flow to stall
conditions at equivalent rotative speeds of 50, 60, 70, 80, 90, and 100 percent of design
speed. (Design speed is 16 000 rpm.) The operating curve for each speed line was de-
fined by six data points.
Stall points were established by increasing the back pressure on the rotor (closing
the sleeve valve in the collector) until a stall pattern appeared in the signal from a hot-
wire anemometer probe located approximately 8 inches upstream of the test rotor, near
the outer casing diameter. Rotor stall was indicated by a drop in rotor outlet total
pressure at midpassage which was recorded on a X, Y-plotter. The near stall data
point was taken at a weight flow within 1 pound per second of the recorded stall condi-;
tion.
At each selected flow, the radial distributions of flow conditions were surveyed «
simultaneously at measuring stations located approximately 1 inch upstream of the blade
leading edge and 0. 7 inch downstream of the blade trailing edge (see fig. 5). Measure-
ments of total pressure, total temperature, and flow angle were recorded at radial po-
sitions of 5, 10, 30, 40, 42. 5, 45, 47. 5, 50, 70, 90, and 95 percent of the blade span
from the rotor tip. Static pressure measurements were recorded only at 30, 40, 42. 5,
45, 47. 5, 50, 70, and 90 percent of the blade span from the rotor tip.
Performance Calculation Procedure
Because of the physical size of the C -shaped static pressure wedges, it was not
possible to obtain static pressure measurements at 5, 10, and 95 percent of blade span.
The static pressure at 95 percent span was obtained by assuming a linear variation in
static pressure between the inner wall static pressure and the probe measurement at
90 percent span. A similar variation was assumed between the outer wall static pres-
sure measurement and 30 percent span to obtain the static pressure at 5 and 10 percent
span. The data, measured at stations upstream and downstream of the rotor, are trans-
lated to the blade leading and trailing edges along calculated streamlines in the following
manner. Total temperature and total pressure are assumed constant along the stream-
lines. Static pressure is adjusted to account for area contraction and streamline curva-
ture. The flow angle is adjusted by assuming constant angular momentum. The blade
element data presented are the translated values.
Orifice weight flow, total pressure, static pressures, and temperatures were cor-
rected to standard sea-level conditions based on the rotor inlet conditions. The equa-
tions used for calculating the selected blade element and overall performance param-
eters are presented in appendix B.
Data Accuracy and Reliability
The estimated errors of the data based on inherent accuracies of the instrumenta-
tion and recording system are as follows:
Flow rate, Ib/sec iO. 5
Rotative speed, rpm 30
Flow angle, deg 1
Temperature, R 1
Rotor inlet total pressure, psi iO. 02
Rotor outlet total pressure, psi ±0. 15
Rotor inlet static pressure, psi ±0.05
Rot^r outlet static pressure, psi ±0. 10
RESULTS AND DISCUSSION
The experimental results of the rotor with small blade dampers are presented in two
sections entitled Overall Rotor Performance With Small Dampers and Blade Element
Performance With Small Dampers. The blade element performance includes both radial
distributions and variation with incidence angle. The data presented in these two sec-
tions are machine plotted. A few data points, falling beyond the range of the plotted pa-
rameters, were omitted.
The plotted data, along with several additional parameters not shown in the figures,
are presented in tabular form. The overall performance is presented in tables IV to DC.
The blade element data are presented in tables X to XV. The definitions and units used
for the tabular data are presented in appendix C.
The experimental results from this rotor are then compared to the experimental
results from the same rotor having large dampers and reported in reference 2. The ef-
fects of damper size are discussed in the section Performance Comparison of Two
Damper Sizes.
Overall Rotor Performance With Small Dampers
The overall performance curves for the rotor with small dampers are shown in
figure 6. The tests were conducted over a range of speeds which varied from 50 to 100
percent of design. The mass averaged values of total pressure ratio, total temperature
ratio, and temperature rise efficiency are plotted as a function of equivalent weight flow.
Peak efficiency for the rotor at the design tip speed of 1380 feet per second was 0. 85 and
occurred at an equivalent weight flow rate of 65. 0 pounds per second. Design values of
efficiency and weight flow were 0. 83 and 65. 3 pounds per second, respectively. Total
pressure ratio and total temperature ratio at the equivalent weight flow corresponding
to peak efficiency were 1. 74 and 1. 20, respectively, as compared to design values of
1. 65 and 1. 19. Stall margin at design speed, as defined in appendix B, was 10 percent
based on the equivalent weight flow rate and pressure ratio at which peak efficiency
occurred as compared to the values just prior to stall.
Blade Element Performance With Small Dampers
Radial distributions. - The radial distributions of selected flow and performance ,
parameters for the rotor with small dampers are shown in figure 7. The results are
shown for three flow rates at design speed. The data shown represent the flow condi-
tions near stall, peak efficiency, and choke. The design values are shown by solid
symbols.
The experimental deviation angles were less than design with the exception of the
tip region. These low experimental deviation angles resulted in the blade loading being
higher than anticipated. This is indicated by the experimental diffusion factor distribu-
tion, which is higher than design values. However, the total loss parameter distribution
shows the loss to be lower than design values with exceptions in the damper region even
though the blade loading distribution is higher than design. These results indicate that
the design losses for this rotor were overestimated across the entire blade span. No
attempt was made to account for damper losses in the aerodynamic design of the rotor.
The total pressure ratio was greater than design across the entire blade span. The
temperature rise efficiency was also greater than design values across the entire blade
span with exceptions locally in the damper and hub regions. These higher experimental
values correspond to the lower than anticipated losses.
Variation with incidence angle. - The variation of selected blade element perform-
ance parameters with incidence angle is presented in figure 8. The data are presented
for 60, 80, and 100 percent of design speed at blade elements located at 5, 10, 30, 50,
70, 90, and 95 percent of blade span as measured from the rotor tip. Design values
are shown by solid symbols. These blade element performance curves are presented
primarily for future reference, to be compared with results for other blade forms.
Only a few brief observations are made in this section.
At design speed, the suction surface incidence angle corresponding to minimum
loss, as indicated by the total loss parameter, was within ±2° of the design incidence
angle of 0° for the blade elements located at 30, 50, 70, 90, and 95 percent of blade
span. The minimum loss incidence angles were not defined at the blade elements located
at 5 and 10 percent of blade span. The maximum efficiency was coincident with the
minimum loss operating point for the blade elements located at 30 to 95 percent of blade
span. As noted previously, the losses were lower than design except in the regions of
the damper and the hub.
The deviation angles at design flow were within ±3° of the design values for all ele-
ments with the exception of the region near the hub. At the 95 percent span location, the
deviation angle was 8° lower than the design value.
Performance Comparison of Two Damper Sizes
The data presented for the small damper rotor were translated to the blade leading
and trailing edges, as discussed previously in the section Performance Calculation Pro-
cedure. The large damper rotor (ref. 2) was tested in a different facility. The com-
puterized data reduction program, at that time, translated the data to planes which were
normal to the axis of rotation and intersecting the leading and trailing edges of the blade
at the hub. In order to make a valid comparison in performance between the two damper
sizes, the data in this section are presented at the measuring stations. The measuring
stations, located approximately 1 inch upstream of the blade leading edge and 0.7 inch
downstream of the blade trailing edge, were in identical locations for both dampers.
Effect of two damper sizes on overall performance. - A comparison of overall per-
formance of the 1. 3 blade tip solidity rotors with the two different part-span damper
sizes, as discussed previously in the section Test Rotor, is shown in figure 9. The
open symbols represent the data from the small dampers and are a duplication of the
data presented in figure 6. The solid symbols represent the data results of the 1. 3 so-
lidity rotor with the large dampers as reported in reference 2.
The results indicate that the large-damper rotor has a greater flow range between
70 and 90 percent of equivalent design speed. However, this trend was reversed at
100 percent equivalent design speed. At design speed the stall margin, as defined in
appendix B, increased from 3. 5 percent for the large dampers to 10 percent for the
small dampers. At design speed, the temperature rise efficiency for the small-damper
rotor was from 0. 5 to 1. 0 point higher over the whole flow range of the rotor except for
the near-choke condition. At design speed, the flow rate at which peak efficiency oc-
curred increased from a value of 63. 5 pounds per second with large dampers to
65. 0 pounds per second with small dampers. No appreciable effect on total pressure
ratio was noted.
Effect of damper size on blade element radial distributions. - A comparison of
selected radial distributions of flow and performance parameters of the two rotors is
presented in figure 10. The comparisons are made at design speed and design flow.
The data are presented at the measuring stations, as discussed previously in this sec-
tion. The open symbols represent the data for the rotor with small dampers at a flow
rate of 65. 0 pounds per second. The solid symbols represent the data for the large
damper (ref. 2) at a flow rate of 65. 3 pounds per second. The dashed lines represent
the design values. (Design weight flow is 65. 3 Ib/sec.)
8
The differences in the flow and performance parameters, shown across the blade
passage for the two damper sizes (fig. 10), are attributed to blockage effects. For both
dampers, the meridional velocity distribution at the rotor inlet remained essentially
constant. The small-damper rotor experienced a slight decrease in flow near the blade
tip. However, a longer inlet fairing shroud was used with this rotor configuration, and
the boundary layer may have influenced the flow in the tip region. The meridional ve-
locity ratio distribution showed that, with small dampers, the outlet velocities across
the entire blade span were lower with the exception of the damper region. With a reduc-
tion in blockage in the damper region there was an increase in flow around the small
dampers which resulted in lower values of deviation angle and flow losses. With the re-
duction in blockage the small-damper rotor experienced a higher pressure ratio and a
higher temperature rise efficiency in the damper region.
As discussed in the INTRODUCTION, the purpose of this report was to evaluate the
effect of two damper sizes and determine whether the large damper was instrumental
in causing the 1. 3 solidity rotor (ref. 2) to stall prematurely. At design speed, a com-
parison of the total loss parameter with incidence angle in the damper regions of both
rotors showed that the losses were similar and differed only in absolute value. These
comparisons showed no evidence of stall occurring at any of the elements in the damper
region. As discussed previously, the effect of damper size on rotor performance was
small. However, the wake behind the large-damper rotor should have a considerable
effect on stator performance. It is probable that the effects of damper size on stage
performance would have been more pronounced.
SUMMARY OF RESULTS
This report presents the effect of part-span damper size on a 1. 3 blade-tip solidity
rotor. Overall and blade element performance data are presented for the 1. 3 solidity
rotor with small dampers. The rotor was previously tested with dampers which were
twice as large. The overall performance and the radial distributions of selected flow
and performance parameters for the two rotors are compared. The following principal
results were obtained:
1. The rotor with small dampers experienced lower losses in the damper region.
This resulted in locally higher temperature rise efficiency and total pressure ratio near
the damper. At design speed, the temperature rise efficiency for the small-damper
rotor was from 0. 5 to 1. 0 point higher over the whole flow range of the rotor, except
for the near-choke condition. No appreciable effect on total pressure ratio was noted.
2. At design speed the stall margin for the rotor increased with small dampers.
However, at 70 and 90 percent of design speed the rotor with large dampers had greater
flow range.
3. The outlet meridional velocities across the entire blade span were lower for the
rotor with small dampers. Differences in the outlet meridional velocity distribution are
attributed to a blockage effect of the damper.
4. Peak efficiency for the small-damper rotor at the design speed of 1380 feet per
second was 0. 85 and occurred at an equivalent weight flow rate of 65. 0 pounds per sec-
ond. Design values of efficiency and weight flow were 0. 83 and 65. 3 pounds per second,
respectively.
5. Total pressure ratio and total temperature ratio for the small damper at the
equivalent weight flow corresponding to peak efficiency were 1. 74 and 1. 20, respectively,
as compared to design values of 1. 65 and 1.19.
Lewis Research Center,
National Aeronautics and Space Administration,





A annulus area at rotor leading edge
Aj frontal area at rotor leading edge
a distance from blade leading edge to maximum camber point, in.
C specific heat at constant pressure, 0.24 Btu/(lb)(°R)
c chord length, in.
D diffusion factor
n
g acceleration due to gravity, 32.17 ft/sec
i mean incidence angle, angle between inlet air direction and line tangent to blade
IIIL/
mean camber line at leading edge, deg
i__ suction surface incidence angle, angle between inlet air direction and line tangentss
to blade suction surface at leading edge, deg
J mechanical equivalent of heat, 778. 16 ft-lb/Btu
N rotative speed, rpm
P total pressure, psia
p static pressure, psia
r radius, in.
SM stall margin, percent
T total temperature, °R
U wheel speed, ft/sec
V air velocity, ft/sec
W weight flow, Ibm/sec
Z axial distance referenced from rotor blade hub leading edge, in.
/3 air angle, angle between air velocity and axial direction, deg
Y ratio of specific heats, 1. 40
6 ratio of rotor inlet total pressure to standard pressure of 14. 69 psia




9 ratio of rotor inlet total temperature to standard temperature of 518. 7° R
QC equivalent camber
Kmc angle between blade mean camber line and axial direction, deg
Koa angle between blade suction surface camber line at leading edge and in axial di-
Do
rection, deg
a solidity, ratio of chord to spacing
cp camber angle, deg
u> total loss coefficient
co profile loss coefficient
co shock loss coefficient
o
Subscripts;
ad adiabatic (temperature rise)
id ideal





TE blade trailing edge
Z axial direction
9 tangential direction
1 instrument plane upstream of rotor
2 instrument plane downstream of rotor
Superscript:
' relative to rotor
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APPENDIX B
EQUATIONS FOR PERFORMANCE PARAMETERS
The performance parameters are defined as follows:
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Profile loss coefficient:



































 v \ 6 /ref
(P)TE
x - 1S-100(wye












































DEFINITIONS AND UNITS USED IN TABLES
absolute
ratio of actual flow area to critical area (where Mach number is 1)
meridional air angle, deg
angle between axial direction and conical surface representing blade
element, deg
difference between mean camber blade angle and suction surface blade
angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean defined
by eq. (B2))
angle between blade mean camber line at leading edge and in axial di-
rection, deg
angle between blade mean camber line at trailing edge and in axial
direction, deg
angle between blade mean camber line at transition point and in axial
direction, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)

























inlet radius (leading edge of blade), in.





slope of streamline, deg
tangential
temperature, °R
thickness of blade at leading edge, in.
thickness of blade at maximum thickness, in.
thickness of blade at trailing edge, in.
total
velocity, ft/sec
ratio of suction surface camber ahead of assumed shock loca-
tion of multiple circular arc blade section to that of double
circular arc blade section
axial distance to blade maximum thickness point from inlet, in.
axial distance to blade trailing edge from inlet, in.
axial distance to transition point from inlet, in.
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TABLE I. - DESIGN OVERALL PARAMETERS FOR ROTOR 3MOD1
TOTAL PRESSURE RATIO 1.650
TOTAL TEMPERATURE RATIO U86
EFT ICIENC Y 0.827
WT FLOW PER UNIT FRONTAL AREA 30.819






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TABLE IV. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 50 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
FLOW COEFFICIENT
HT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT aOW AT ORIFICE
WT FLOH AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
RPM








































































TABLE V. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 60 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
FLOH COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT aOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
RPM









































































TABLE VI. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 70 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
FLOW COEFFICIENT
HT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
RPM






















































































TABLE VII. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 80 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT aOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
RPM























































































TABLE VIII. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 90 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR fCAD RISE COEFFICIENT
FLOW COEFFICIENT
HT FLOW PER UNIT FRONTAL AREA
HT FLOM PER UNIT ANNULUS AREA
HT FLOW AT ORIFICE
HT FLOH AT ROTOR INLET
HT FLOH AT ROTOR OUTLET
RPM






















































































TABLE IX. - OVERALL PERFORMANCE OF ROTOR 3MOD1 AT 100 PERCENT OF DESIGN SPEED
PARAMETER
ROTOR TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
FLOH COEFFICIENT
HT FLOH PER UNIT FRONTAL AREA
HT, FLOW PER UNIT ANNULUS AREA
HT FLOH AT ORIFICE
HT FLOM AT ROTOR INLET
HT FLOH AT ROTOR OUTLET
RPM
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TABLE XII. - BLADE ELEMENT DATA AT BLADE EDGES FOR ROTOR 3MOD1
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(a) Cross section of research compressor in test section.
-Orifice Inlet throttle valves
Flow
. -Water exhaust system
:




(b) Schematic of test facility.








(a) Combination total pressure, total temperature, and flow
angle probe.
C-69-1280
(b) 8° wedge type combination pressure and flow angle probe.
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